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Abstract
This paper investigates how gender composition of classes impacts achievement of students
who self-selected into diﬀerent specialization tracks (STEM vs. Languages) according to their
educational preferences. Based on administrative records from one of the largest high schools
in the canton of Zurich (Switzerland), we are able to identify the causal eﬀect of the gender
composition of classes on student achievement by exploiting random assignment of students to
classes. Compared to the previous literature, which mainly focused on average eﬀects across
all students, we find highly heterogeneous eﬀects across students who self-selected into diﬀerent
specialization tracks. While the eﬀect of a higher proportion of girls in the classroom is positive
for girls and boys with an educational preference for languages, the eﬀect is negative for girls
in the STEM track. Our findings have important implications for the optimal organization
of classes in schools and for the explanation of career trajectories after school. For instance,
concentrating girls in few classes has a positive eﬀect only on girls who favor languages over
STEM.
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1 Introduction
The eﬀect of classroom composition on educational production has long be of concern in education
and personnel economics (e.g., Lazear, 2001). In fact, the idea that educators can improve student
achievement and school eﬃciency by simply altering the composition of classrooms has great appeal
to many educational policy makers and researchers.
Some of the literature focused on the role of the gender composition of classrooms. Specifi-
cally, some scholars investigated the eﬀect of the proportion of girls in the classroom on the grades
of students in primary and secondary education. For instance, using data on 3rd to 6th graders in
the U.S., Hoxby (2000) finds that an increase in the proportion of girls in the classroom improves
the achievement in math and readings of all students. Using diﬀerent data sets on students in
elementary, middle and high school, Whitmore (2005) and Lavy and Schlosser (2011) find similar
results. In general, these findings suggest that students, especially girls, tend to perform better
when exposed to a more female environment in the classroom. Particularly appealing is the positive
eﬀect on math grades of girls. In fact, educational authorities might consider classroom gender com-
position an instrument for reducing the gender gap in math in secondary education (e.g., Fryer and
Levitt, 2010) and attracting more women into STEM1 fields, where they remain underrepresented.
However, the positive eﬀect of the proportion of girls in the classroom on math grades does
not seem to automatically translate into more girls choosing a STEM field after secondary educa-
tion. To the contrary, Zölitz and Feld (2017) find that girls exposed to a more female environment
are less likely to choose a STEM field. This apparent contradiction disappears if one considers that
the eﬀect of classroom gender composition might depend on student preferences and characteristics.
For instance, the eﬀect may be diﬀerent for students with an educational preference for a STEM
field (i.e., students who, a priori, are more likely to chose a STEM field) compared to students
who have an educational preference for a non-STEM field. Nonetheless, the question on how educa-
tional preferences moderate the eﬀect of classroom gender composition on individual grades remains
unexplored2.
Our paper addresses this question by analyzing how the classroom gender composition aﬀects
1Science, Technology, Engineering and Mathematics
2One exception is Jackson (2012) who finds that only girls with a strong preference for single-sex schooling actually
benefit from being in a single-sex class.
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the grades of students who self-select into diﬀerent specialization tracks in high school. In partic-
ular, we consider three specialization tracks: Modern Languages, Ancient Languages and STEM.
Students self-select into diﬀerent specialization tracks according to their educational preferences,
with students selecting into STEM typically being more likely to pursue a career in a STEM-related
field and students selecting into Modern or Ancient Languages typically choosing a field in the social
sciences or humanities. As Lazear et al. (2012) show, it is crucial to take individuals’ selection into
diﬀerent environments into account when analyzing the eﬀect of policy measures. Indeed, the eﬀect
may very substantially and even reverse when such selection is taken into account. By accounting
for student selection into diﬀerent specialization tracks according to their educational preferences,
our analysis shed more light on the mechanisms underlying the gender eﬀects in the classroom.
In our analysis we exploit exogenous variation in the gender composition of classrooms gen-
erated by a natural experiment in a large high school in Switzerland. Using school register data on
7th to 12th graders, we are able to causally identify the eﬀect of an increase in the proportion of
girls in the class on grades in math and native language (German language studies) for both girls
and boys who selected into either Modern Languages, Ancient Languages or the STEM tracks. Our
results reveal that the eﬀect of classroom gender composition varies greatly across students with
diﬀerent educational preferences, i.e. who selected into diﬀerent specialization tracks. On average
over all specialization tracks we find that a higher proportion of girls in the classroom has a positive
impact on grades in math. However, both girls and boys in Modern Languages and girls in Ancient
Languages solely drive this positive eﬀect. In contrast and surprisingly, the eﬀect is negative for girls
who selected in the STEM track and zero for the rest of the students. When considering grades in
German language studies we find no significant eﬀect of a higher proportion of girls in the classroom
on grades.
These results show that gender-based school policies should take into account students’ pref-
erences. For instance, concentrating girls in few classes has a positive eﬀect on math grades of girls
with a preferences for languages but a negative eﬀect on math grades of girls with a preference for
STEM.
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2 Institutional background
To better explain the type of high school (a baccalaureate school) that generated our data, this
section provides a short overview of the Swiss education system. After compulsory schooling, which
typically ends at age 15, adolescents in Switzerland enter the upper secondary level, where they
choose among three types of education: vocational education and training (VET), specialized schools
or baccalaureate. Generally, around 20% of Swiss adolescents choose a baccalaureate school. In some
cantons3, students can even complete the last two years of compulsory school in a baccalaureate
school4. In addition to core courses (e.g., in math and German language studies), students at
baccalaureate schools have to chose a specialization track which consists in one ore more elective
courses (e.g, chemistry and biology or Latin and ancient Greek). Graduating from a baccalaureate
school allows direct access to university.
Our data comes from one of the largest baccalaureate schools in the canton of Zurich (here-
after "high school"). The school has six grades from junior high (grades 7 and 8) to senior high
(grades 9 to 12). Students typically enter the school earlier in the 7th grade (age 12-13) or in the 9th
grade (age 14-15). In grades 9-12, in addition to the core curriculum, students choose one of three
specialization tracks: Modern Languages, Ancient Languages5, and STEM. In each track, students
take specialized courses in English, Latin, Spanish, Italian or Russian (Modern Languages), Latin
and ancient Greek (Ancient Languages), and biology, chemistry, application of mathematics and
physics (STEM). Typically, students choosing the STEM track plan to continue their studies in a
University in a STEM field, whereas students in Modern and Ancient Languages tend to study the
humanities or the social sciences.
Because students who were in the same class in grades 7 and 8 might choose diﬀerent special-
ization tracks, a reorganization of the classes often takes place in the transition to grade 9. To avoid
favoritism or parental politicking, the school assigns students in the same specialization track to
classes with diﬀerent proportions of girls, regardless of individual student characteristics or prefer-
ences. This mechanism ensures that, within specialization tracks, individual student characteristics
and preferences are uncorrelated with the proportion of girls in the class. As our high school is
3Cantons are local government areas similar to U.S. states
4In German: Unterstufe
5This specialization track can only be chosen by students who entered the school in grade 7. Students who joined
the school in grade 9 can only choose between Modern Languages and STEM
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large, and as the allocation policy aﬀects all students between grades 8 and 9 (around 60 classes in
total), we consider this policy a natural experiment that provides a source of exogenous variation
in the gender composition of classes within study tracks – one we can use to study how a higher
proportion of girls in the class aﬀects student grades. Appendix A provides a formal test of the
exogenous variation in classroom gender composition.
3 Empirical Strategy
Our identification strategy relies on the assignment of students to classes in their specialization track
of choice between grade 8 and 9. This assignment prevents students from sorting into classes with
a higher or lower proportion of girls according to unobservable characteristics that simultaneously
aﬀect achievement. Thus, conditional on the chosen specialization track, the gender composition of
the class is uncorrelated with individual characteristics. Similarly to Lavy and Schlosser (2011) and
Hoxby (2000), we exploit the variation in the proportion of girls across cohorts within specialization
tracks and semesters. Moreover, as we are not concerned with students sorting into classes within the
specialization track, we can additionally exploit variation across classes in the same specialization
track and semester. By doing so, we are able to measure the proportion of girls at the class level.
The linear specification for the grade in math or German language studies of student i in
classroom c and semester s is:
gradeics = ↵+  ratiocs +  femalei +  clsssizecs + ✓
(j) + ⌘(t) +  s + ✏ics (1)
where ratiocs is the proportion of girls in student’s i class in semester s, femalei is a gender dummy
and classsizecs is the size of student’s i class. Because randomization takes place within special-
ization tracks, we include specialization track fixed eﬀects ✓(j). To take into account systematic
diﬀerences in grading among teachers, we include teacher fixed eﬀects ⌘(t). By doing so, we exploit
only the part of the variation in the proportion of girls across classes taught by the same teacher
within specialization tracks. Finally, we include semester fixed eﬀects  s, and we cluster standard
errors at the class level.
The parameter   identifies the causal eﬀect of a higher proportion of girls in the class on
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grades. Our interest lies in both the overall eﬀect and the eﬀect on students in diﬀerent specialization
tracks. First, we estimate equation 1 in the full sample including an interaction term between the
proportion of girls in the class and the specialization track to test for eﬀect heterogeneity across
tracks. Second, we separately estimate equation 1 in diﬀerent subsamples of girls and boys in
diﬀerent tracks.
4 Data
The next two sections describe the data, key variables and provide first descriptive evidence on
the relationship between classroom gender composition and student achievement. For our empirical
analysis we use unique administrative records from the high school. The records include all students
from grade 7 to 12 who were enrolled in the high school from September 2002 through June 2012
and provide individual information on semester grades, gender, specialization track and gender
composition of the class. Moreover, the data includes class and teacher identifiers.
These administrative school records are particularly well-suited to study our question for
three reasons. First, in contrast to some of the previous studies (e.g., Hoxby, 2000), the class
identifier allows us to define gender composition at the classroom level. As students stay in the
classroom throughout the day, attending the vast majority of lessons together with their peers, the
classroom represents the ideal setting for studying gender eﬀects. Second, we are able to observe
students selection in one of the three specialization tracks and therefore their revealed educational
preferences. Third, the district area of the high school encompasses parts of the city of Zurich as well
as towns and villages outside of the city. The large number of students and the mix of individuals
with rural and urban background increases the representativity of our sample for the population of
Swiss high school (baccalaureate) students.
Table 1 reports the total number of students and classes (in all six grades) in each year, as
well as the number of new 7th grade classes and students6. In each of these six years, 154-216 new
students started in grade 7. The number of total students increased over time, reaching a maximum
of 1108 students in school year 2010/2011. Because some students may have had to repeat terms,
leave the high school for insuﬃcient academic performance, move away, or enter the high school
6For example, in the school year 2002/2003 we have data on 929 students and 44 classes. The number of new
students in that year was 176 and the number of new classes 8.
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after grade 9, our dataset takes the form of an unbalanced panel7.
Table 1: Structure of the data
Total New entries
School year Number ofstudents Classes
Number of
students Classes
2002/2003 929 44 176 8
2003/2004 969 46 154 7
2004/2005 962 46 177 7
2005/2006 976 47 166 8
2006/2007 975 48 177 8
2007/2008 990 48 167 8
2008/2009 1020 49 204 9
2009/2010 1078 51 215 10
2010/2011 1108 54 216 10
2011/2012 1096 54 177 10
As randomization takes place in the transition from 8th to 9th grade, we restrict the sample
to students in 9th grade and later. After we account for missing values, the restricted sample
contains 2255 students: 816 students in Modern Languages (38%), 569 in Ancient Languages (25%)
and 870 in STEM (39%).
4.1 Classroom gender composition
The explanatory variable of interest is classroom gender composition, which we operationalize as
the proportion of girls in the class. Not surprisingly, gender composition of classes varies strongly
between specialization tracks. As figure 1 illustrates, girls are particularly well represented in
Modern and Ancient Languages (31-100%). In contrast, classes in the STEM track average a lower
proportion of girls (5-59%). Figure 1 also shows that there is considerable variation in classroom
gender composition within specialization tracks. This is important as we only exploit variation
within specialization tracks.
7The proportion of students, for whom we have at least one data point and who graduated from the high school
is 83%.
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Figure 1: Proportion of girls in diﬀerent specialization tracks
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Note: Each point in the plot is the proportion of girls in a class of a given cohort and semester.
Modern Languages: Mean=72.4%, SD=13.6. Ancient Languages: Mean=62.1%, SD=16.5. STEM: mean=37.4%,
SD=9.5.
4.2 Grades in mathematics and German language studies
The relevant outcome variable is student achievement. School achievement, especially in mathe-
matics, is relevant because it is a good predictor of future earnings (e.g., Bertrand et al., 2010).
Following Hoxby (2000) and Eisenkopf et al. (2015), we focus our analysis on student achievement
in mathematics and native language skills (German) as expressed by grades in these subjects. Like
Eisenkopf et al. (2015), we use grades from ordinary report cards, especially because the high school
does not give standardized tests at the end of each grade. In the Swiss school system, this grading
ranges from 1 to 6, where 1 is the lowest grade, 4 is the passing mark, and 6 is the highest grade.
Figures 2 and 3 report grades in math and German language studies in senior high school (grade
9-12). The two figures highlight some insightful diﬀerences between boys and girls in diﬀerent tracks.
On average, math grades are higher in Ancient languages and STEM than in Modern Lan-
guages. In contrast, grades In German language studies, are highest in Ancient languages and lower
in the two other tracks. Neither of the two figures highlights any gender gap in favor of boys.
Indeed, girls in all three tracks on average have higher grades in German language studies. In math,
girls outperform boys in Modern Languages. However, in Ancient Languages and STEM girls do
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Figure 2: Grades in Mathematics
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Figure 3: Grades in German Language Studies
Note: All observations are pooled
not systematically diﬀer from boys. Another diﬀerence concerns the variance of grades for boys and
girls in diﬀerent tracks. In general, the variance in grades in German language studies is lower than
in math. Moreover, the variance in the grades of girls is lower (both in German language studies
and math) than for boys in Modern and Ancient Languages but higher in STEM.
How do average classroom grades depend on the proportion of girls in the class? Figures 4
and 5 depict the bivariate relationship between the proportion of girls in the class and the average
grade in math (figure 4) and in German language studies (figure 5). At first glance, the two variables
appear correlated. However, both the sign and the magnitude of the correlation vary for students
in diﬀerent specialization tracks. A higher proportion of girls is positively correlated with average
classroom math grades in Modern and Ancient languages. In STEM, however, the relationship is
slightly negative. Average classroom grades in German language studies seem to be uncorrelated
with the proportion of girls in the class in Modern Languages and only slightly positive correlated
in Ancient Languages and STEM.
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Figure 4: Proportion of girls and average grade in math in diﬀerent specialization tracks
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Figure 5: Proportion of girls and average grade in German language studies in diﬀerent specialization
tracks
4
4.
5
5
5.
5
4
4.
5
5
5.
5
0 .5 1
0 .5 1
Modern languages Ancient languages
STEM
class average grade in German language studies Fitted values
Proportion of girls in the classroom
Note: Every cross is one class in one grade
While these figures provide first insights into the relationship between the gender composition
of the class and student achievement, they still fail to take into account certain important factors
such as diﬀerences in teachers’ grading and the structure of the data, because observations from
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diﬀerent semesters are pooled. Section 5 presents the results of the regression analysis that takes
such factors into account.
5 Preliminary results
Table 2 reports, for the full sample, the coeﬃcients of the regression of individual grades in math
(columns 1-4) and German language studies (columns 5-8) on the proportion of girls in the class-
room. A higher proportion of girls positively aﬀects grades in math. Specifically, a one standard
deviation increase in the proportion of girls in the class (+20%) is associated with an increase of
between +0.055 and +0.085 grade points. Moreover, the eﬀect remains nearly constant across all
specifications (1-4). The inclusion of the interaction term in column 4 has two important con-
sequences. First, the eﬀect becomes larger for students in Modern Languages (reference group).
Second, the proportion of girls has a statistically diﬀerent eﬀect on students in Modern Languages
than on those in STEM. The eﬀect for the STEM track is smaller and possibly negative, indicating
eﬀect heterogeneity across students who selected into diﬀerent tracks.
In German language studies, only the coeﬃcient in model 7 is statistically significant. How-
ever, once the interaction term with the specialization track is added, the coeﬃcient turns insignif-
icant. Thus, we do not find any eﬀect of a higher proportion of girls on grades in German language
studies.
To gain more insight into the heterogeneous eﬀects of classroom gender composition on grades
in math, Table 3 reports the results of the analysis in subsamples of boys and girls in diﬀerent tracks.
The coeﬃcients reveal that the positive eﬀect found in models 1-4 of Table 2 is mainly driven by
students in Modern Languages and by girls in Ancient Languages. For boys in Ancient Languages
and STEM, the eﬀect is not diﬀerent from zero. Surprisingly, for girls who selected into the STEM
track, a higher proportion of girls in the classroom even has a negative eﬀect on grades in math.
What is the reason of such eﬀect heterogeneity? One possible explanation is that diﬀerent
specialization tracks attract diﬀerent types of students. Students select into tracks according to
their educational preferences and characteristics. These preferences and characteristics, in turn,
influence the way a higher proportion of girls aﬀects student grades. Another possible explanation
is that the eﬀect of an increase in the proportion of girls depends on the number of girls already
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present in the classroom. For example, an increase in the proportion of girls might have a positive
eﬀect on student grades if the number of girls in the class is already high (as in Modern and Ancient
Languages) and a negative eﬀect if the number of girls is low (as in STEM). If this is true, we would
observe coeﬃcients similar to those reported in Table 3. Next section tests the robustness of the
results with respect to this second possible explanation of eﬀect heterogeneity.
5.1 Robustness check
To test whether the eﬀect of a higher proportion of girls in the classroom on student grade is
driven by diﬀerences in the number of girls across specialization tracks, we run the base model on a
restricted sample of classes with a proportion of girls between 30-60%. In other words, we exclude
all classes that cannot be compared across tracks as the proportion of girls in the classroom is either
too small or too large. The eﬀect of a higher proportion of girls reported in Table 4 is no longer
significant in models 1-3. This change, however, might be the result of the lower variance in the
explanatory variable. When the eﬀect is allowed to vary across tracks (model 4), we again observe
a positive eﬀect in Modern Languages and a negative and significant coeﬃcient on the interaction
term. Thus, diﬀerences in the number of girls in the classroom across specialization tracks do not
drive the eﬀect heterogeneity.
6 Conclusion
In this paper we investigate the heterogeneous eﬀects of the gender composition of the class on
grades in math and German language studies for students who selected into diﬀerent specialization
tracks in high school. Using unique administrative school records from one of the largest high
schools in the canton of Zurich and a school policy reallocating students to classes between grades
8 and 9, we are able to uncover the causal eﬀect of a higher proportion of girls in the classroom.
Our findings suggest that the eﬀect of a higher proportion of girls on math grades is highly
heterogeneous across boys and girls who selected into diﬀerent specialization tracks. While boys
and girls in the track Modern Languages (and girls in the track Ancient Languages) profit from
having more girls in the class, the eﬀect is negative for girls who selected in the STEM track.
Policy makers should therefore factor in such heterogeneous eﬀects in decisions on the optimal
11
gender composition of classes. Concentrating girls in few classes or even creating single-sex classes
might have only redistributive eﬀects for some students (e.g., those who selected into Modern
Languages), as both girls and boys profit from having more girls in the classroom. For more
mathematically talented and possibly, as Buser et al. (2014, 2017) point out, competitive girls (e.g.,
girls who selected into STEM), such an operation might even be harmful. For other students (e.g.,
those who selected into Ancient Languages), this approach might be beneficial, as only girls would
profit from it, while boys would be unaﬀected.
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Tables
Table 2: Full sample
Math German language studies
(1) (2) (3) (4) (5) (6) (7) (8)
Proportion of girls 0.0718⇤⇤ 0.0715⇤⇤ 0.0546⇤⇤⇤ 0.0851⇤⇤  0.00462  0.00472 0.0234⇤ 0.0145
(0.0305) (0.0314) (0.0198) (0.0327) (0.0204) (0.0205) (0.0136) (0.0250)
Ancient languages ⇥ proportion  0.0167 0.0147
(0.0352) (0.0336)
STEM ⇥ proportion  0.102⇤⇤⇤ 0.0127
(0.0376) (0.0304)
Constant 4.057⇤⇤⇤ 4.194⇤⇤⇤ 4.960⇤⇤⇤ 4.931⇤⇤⇤ 4.367⇤⇤⇤ 4.194⇤⇤⇤ 4.032⇤⇤⇤ 4.034⇤⇤⇤
(0.0408) (0.165) (0.121) (0.125) (0.0312) (0.105) (0.0734) (0.0732)
Specialization track FE yes yes yes yes yes yes yes yes
Semester FE no yes yes yes no yes yes yes
Teacher FE no no yes yes no no yes yes
Controls yes yes yes yes yes yes yes yes
Observations 10700 10700 10700 10700 10700 10700 10700 10700
Standard errors in parentheses
Standard errors clustered at the class level
Each observation is a student in a semester
standardized coeﬃcient on proportion of girls in the class
Controls: gender, class size⇤ p < 0.10, ⇤⇤ p < 0.05, ⇤⇤⇤ p < 0.01
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Table 3: Boys and girls in diﬀerent specialization tracks
Modern Languages Ancient Languages STEM
boys girls boys girls boys girls
Proportion of girls 0.121⇤⇤ 0.0816⇤⇤  0.00615 0.0849⇤⇤⇤ 0.00565  0.0879⇤⇤⇤
(0.0479) (0.0372) (0.0577) (0.0272) (0.0206) (0.0264)
Semester FE yes yes yes yes yes yes
Teacher FE yes yes yes yes yes yes
Controls yes yes yes yes yes yes
Observations 1002 2652 1115 1808 2580 1543
Standard errors in parentheses
Standard errors clustered at the class level
Each observation is a student in a semester
Standardized coeﬃcient on proportion of girls in the class
Controls: class size⇤ p < 0.10, ⇤⇤ p < 0.05, ⇤⇤⇤ p < 0.01
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Table 4: Restricted sample
Math German language studies
(1) (2) (3) (4) (5) (6) (7) (8)
Proportion of girls 0.0297 0.0309 0.0226 0.133⇤⇤  0.0184  0.0162 0.0124  0.0233
(0.0308) (0.0323) (0.0230) (0.0511) (0.0207) (0.0201) (0.0121) (0.0424)
Ancient languages ⇥ proportion  0.0501 0.0732
(0.0452) (0.0484)
STEM ⇥ proportion  0.148⇤⇤⇤ 0.0278
(0.0526) (0.0425)
Constant 3.974⇤⇤⇤ 4.258⇤⇤⇤ 3.733⇤⇤⇤ 3.813⇤⇤⇤ 4.385⇤⇤⇤ 4.260⇤⇤⇤ 4.126⇤⇤⇤ 4.148⇤⇤⇤
(0.0802) (0.261) (0.134) (0.121) (0.0721) (0.137) (0.0759) (0.0745)
Specialization track FE yes yes yes yes yes yes yes yes
Semester FE no yes yes yes no yes yes yes
Teacher FE no no yes yes no no yes yes
Controls yes yes yes yes yes yes yes yes
Observations 5350 5350 5350 5350 5350 5350 5350 5350
Standard errors in parentheses
Standard errors clustered at the class level
Each observation is a student in a semester
standardized coeﬃcient on proportion of girls in the class
Controls: gender, class size⇤ p < 0.10, ⇤⇤ p < 0.05, ⇤⇤⇤ p < 0.01
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A Validity of the identification strategy
To substantiate the argument that, conditional on the chosen specialization track, student charac-
teristics are independent from the proportion of girls in the class, we test for each cohort, whether
students assigned to diﬀerent classes within specialization tracks significantly diﬀer in terms of ob-
servable characteristics. To do so, we regress average grades in mathematics and German in junior
high school on a battery of 9th grade class fixed eﬀects. If assignment is random, we expect that
students in diﬀerent classes within specialization tracks don’t systematically diﬀer in terms of grades
in junior high school. Table 5 reports the share of specialization tracks and cohorts, for which the
null-hypothesis of jointly non-significance of the class fixed eﬀects could not be rejected at diﬀerent
significance levels.
Table 5: Test for random assignment
Significance
level
Grade
mathematics
Grade
German
0.01 0.92 1
0.05 0.89 0.96
0.1 0.81 0.93
Note: grades in mathematics and German refer
to grades during junior high school
(7th-8th grades).
When we consider the most conservative case (significance level = 0.1), the test detects
diﬀerences in average grades in junior high school in approximately 19% of the cases for mathematics
and 7% for German. At a significance level of 0.01, diﬀerences in average grades in mathematics in
junior high school are found in only 8% of the cases, while classes never diﬀer in terms of German
grade. These results support the assumption of random assignment of students to classes.
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